Rapid economic and industrial growths imposed significant impact on human health including the pulmonary health. Questions were raised regarding the validity of the existing prediction norms of pulmonary function tests (PFTs) in a particular population. The present study was conducted to investigate the applicability of the existing norms for PFTs in young healthy non-smoking female university students of Kolkata, India. Significant difference was noted in vital capacity (VC), forced vital capacity (FVC), and forced expiratory volume in 1 s (FEV 1 ) when the present data were compared with the earlier study in similar population. Correlation statistic revealed significant relationship of age and body height with all the PFT parameters. Body mass had significant correlation with VC, FVC, FEV 1 as a percentage of FVC (FEV 1% ), and peak expiratory flow rate (PEFR). Regression equations have been computed for predicting PFTs from age and body height. There has been a change of PFTs in the studied population for the last couple of decades due to increased environmental pollution in the course of economical and industrial developments. Regression equations computed in this study are not only recommended to predict PFT parameters in the studied population, but they are also considered more reliable owing to their substantially smaller standard error of estimate than those proposed in the previous study.
Introduction
Pulmonary function tests (PFTs) are the fundamental tools for the evaluation of an individual's respiratory system and are also the prime clinical aids to diagnose, treat, and rehabilitate the respiratory malfunctions (2) . These spirometric tests have been found to reflect the operational disorder as well as the severity of airway impedance. There are reports available on the normal pulmonary function measurements and the effects of ethnicity, anthropometric variables, and habitat on those parameters for different populations including European (5, 12, 38, 41, 43) , North American (9, 14, 30) , Indian (3, 4, 7, 8, 11, 27, 32, 33, 39, 42, 49) , Chinese (10, 13, 50) , Malaysian (2, 36, 37, 46, 47) , and other non-Caucasian (16, 28) populations.
Diet, obesity, air pollution, and physical activity are among the several major factors that significantly affect PFTs (29) . As a result of rapid global economic growth and a wide range of industrialization in the last two decades, a general betterment of nutritional status of common people has occurred. On the contrary, the regular physical activity levels of common people have been reduced, and their exposure to air pollution has also been enormously increased. Under these circumstances, it is indispensable to revisit the existing population specific norms of pulmonary function measurements in the light of changes in socioeconomic status, environmental consequences, and lifestyle modification that give grounds for PFTs even within the population having similar ethnicity and habitat (29) . Enhancement of body height and body mass index in the last five decades caused significant changes in the anthropometric profile of young adults. Hence, the applicability of the existing population specific norms that have been proposed decades back for predicting PFTs has become questionable under the present consequences (34) .
Chatterjee and Saha (8) reported the pulmonary function profile of healthy, nonsmoking women (age: 20-59 years) of Kolkata, India, 27 years back. Therefore, there is a need to re-investigate the relevance of the norms proposed in this study. In the above context, present investigation was aimed to: a. Evaluation of pulmonary function parameters of normal young healthy non-smoking female university students in Kolkata, India. b. Comparison of the lung function measurements with previously reported data from similar and other national as well as international counterparts. c. Derivation of prediction equations for assuming the lung volumes of the presently studied population and comparison of these equations with the earlier norms reported by Chatterjee and Saha (8) .
Materials and Methods

Selection of subjects
About 90 female university non-smoking students of 19-24 years of age with similar socioeconomic background were randomly sampled from the post-graduate section of the University of Calcutta, Kolkata, India, to conduct this cross-sectional study. Dupont and Plummer's method (17) of sample size calculation was adopted in the study setting the confidence interval at 95%. Although the computed sample size for this study was 68, the current study was conducted with 90 subjects. To limit the inter-individual differences due to age and time of year, data collection procedure was limited over a restricted time frame following the standard proposal (29) . Written informed consent to participate in the study was obtained from the subjects and they filled up a questionnaire (19) to record their health status and personal demographic data. Subjects with medication or history of athletic training or any pulmonary or other diseases were excluded from this study. All the volunteers were explained and demonstrated with the detailed experimental protocol to relieve their apprehensions. Ethical clearance was obtained from the Human Ethics Committee, Department of Physiology, University of Calcutta.
Preparation of subjects
University proof was used to record the age of the subjects. The body height and body weight were measured with the subject standing barefoot and in minimum clothing with an accuracy of ±0.50 cm and ±0.1 kg, respectively, with the help of a weight measuring instrument fitted with a height measuring rod (Avery India Ltd., India). Body surface area (BSA) was calculated using the formula of DuBois and DuBois (15) .
Determination of pulmonary function measurements
Tidal volume (TV), vital capacity (VC), forced vital capacity (FVC), forced expiratory volume in 1 s (FEV 1 ), FEV 1 as a percentage of FVC (FEV 1% ), mid-expiratory flow rate (FEF 25-75% ), end expiratory flow rate (FEF 75-85% ), and forced expiratory time were measured on a 9-L closed-circuit-type expirograph (Toshniwal Technologies Pvt. Ltd., India). Wright peak flow meter was used to record the peak expiratory flow rate (PEFR). Palmer respiratory hand pump was used to calibrate the expirograph daily. All the measurements were performed according to the standard guideline (2, 8) . As the expiratory flow rates are highest at noon, the experiments were conducted before lunch at noon (22) and all the subjects were encouraged and motivated to attain the maximum possible effort. After a couple of practice runs, at least three satisfactory efforts were recorded for each volunteer with at least 3-5 min rest between consecutive trials as per standard norm and the highest value was accepted (8, 20) . All pulmonary function measurements as well as the anthropometric measurements were performed in one sitting on the same day and the PFTs were expressed at body temperature and pressure saturated with water vapor.
Statistical analysis
Student's two-tailed t-test was adopted to compare the pulmonary function measurements and physical parameters of the subjects with the mean values of similar parameters reported by Chatterjee and Saha (8) . To find the significant relationship between two parameters, Pearson's product-moment correlation coefficient (r) was computed. Simple linear regression statistic was adopted for computing the prediction norms of PFTs from different physical parameters. The level of significance was set at p < 0.05.
Results
The mean (SD) age of the subjects participated in the study was 22.06 (2.81) years. Table I represents the values of physical parameters and pulmonary function measurements as obtained in the present study as well as those reported by Chatterjee and Saha (8) in the same population. No significant difference was noted in the physical parameters between the studies. Significant differences (p < 0.001) were found in VC, FVC, and FEV 1 from the earlier observation of Chatterjee and Saha (8), but no significant variation was noted in FEV 1% , FEF 25-75% , FEF 75-85% , and PEFR between the studies. PFTs depicted significant correlation with age, body mass, and body height (Table II) . Depending on these significant correlations, prediction equations for PFTs from physical parameters were also computed (Tables III and IV) .
Discussion
The pulmonary function measurements were found within the normal range in the studied population. It is difficult to compare the pulmonary function measurements of the present study with those of a foreign population due to variations in anthropometric profiles that largely affect the lung function measurements (2, 3) . Therefore, for a valid comparison, the values of pulmonary function measurements reported in other studies were standardized with age and height according to the proposal of Bandyopadhyay et al. (3) .
VC, FVC, and FEV 1 were significantly (p < 0.001) different from those reported by Chatterjee and Saha (8) , whereas the rest of the pulmonary function parameters depicted insignificant variation between the studies. Such variation in VC, FVC, and FEV 1 depicted a decrease in these parameters in university students of Kolkata over the last 20 years. According to the proposal of Bandyopadhyay (2), the influence of instrumentation, standardization, and testing procedures on the studied parameters does not arise in the present context because both studies involved the same instruments and experimental protocol. The cumulative beneficial effects of physical activity and nutrition on pulmonary health were probably swayed out by the detrimental effects of increased urbanization and industrialization in the currently studied subjects who in turn exhibited significantly lower values of VC, FVC, and FEV 1 than those reported by Chatterjee and Saha (8) .
The present findings indicated that in spite of the uninterrupted health promotion drives by different government and non-government bodies, the respiratory health of the currently studied population did not perk up in the last 25 years. The major air pollutants that influence the pulmonary functions are sulfur dioxide (SO 2 ), nitrogen dioxide (NO 2 ), suspended particulate matters of less than 10 μm (PM 10 ), and ozone (O 3 ) (24). The rapid changes of such factors in the air are alarming in rural, urban, and peri-urban areas of India due to increased number of motor vehicles, industrial pollutants, power generation, domestic fuel use, refuse burning, and emissions from other miscellaneous sources (1) . Data suggest that the SO 2 level in the air has been gradually decreasing in different places of India since 2001 Pulmonary function in sedentary females and its level reached below the recommended standard level of 50 μg·m −3 in Kolkata, India (6) . According to the available reports of Central Pollution Control Board (CPCB) and National Ambient Air Quality Status (NAAQS) of Ministry of Environment and Forests of Government of India, the levels of NO 2 , O 3 , and PM 10 in the air have increased markedly during the last 15 years and the present data suggest that the level of these factors has gone far above the recommended levels of 40, 100, and 60 μg·m −3 , respectively (6) . The changes in these environmental toxic parameters adversely affect the respiratory functions (24) and that might be responsible for the decrease in VC, FVC, and FEV 1 in the population presently studied. Nevertheless, a further detailed study is needed to explore the definite cause of such variation in the parameters studied. Rao et al. (42) reported similar values of pulmonary function measurements in their study with 60 healthy women of 15-40 years of age. They performed the study in the same population using different experimental techniques. Some other studies reported higher values of pulmonary function measurements in the same age group of females from Northern and Western provinces of India (21, (25) (26) (27) .
PFTs reported in American, Jordanian, and European populations were much higher than the currently studied population (23, 31, 35, 44, 45) . Better socioeconomic status and nutritional habit, superior outdoor practices and enhanced growth of their thoracic cage as well as musculoskeletal system might be the cause of such higher PFTs in those overseas populations. Over and above, these countries have much better environmental conditions than cities in India. According to the available literature and reports of the relevant environmental agencies (18, 24, 48) , the air pollution levels in European (SO 2 = 125 μg·m −3 , NO 2 = 40 μg·m −3 , PM 10 = 40 μg·m −3 , and O 3 = 120 μg·m −3 , respectively) and American cities (SO 2 = 84 μg·m −3 , NO 2 = 107 μg·m −3 , PM 10 = 150 μg·m −3 , and O 3 = 287 μg·m −3 , respectively) were better than the Indian cities (SO 2 = 12 μg·m −3 , NO 2 = 70 μg·m −3 , and PM 10 = 135 μg·m −3 , respectively). However, the air level of NO 2 in USA showed more or less similar data in comparison to Kolkata, India. These better environmental conditions could have helped to maintain a better pulmonary health in the overseas populations. Anthropometric characteristics of westerners indicated that they were on average somewhat larger than those in Asia and the stature in turn was significantly correlated with the pulmonary function measurements (47) . Therefore, well-built physique of westerners was a direct explanation for their better pulmonary function measurements compared to Indian populations. All the pulmonary function variables had a significant correlation with age and body height except for FEV 1% . Age showed a significant negative correlation with the PFTs except for FEV 1% . This contradicts to earlier reports (4, 8, 40, 46, 47) that reported significant negative correlation between age and pulmonary function measurements. This was probably due to smaller age range in the present investigation and corroborated with the previous studies of Bandyopadhyay et al. (3) and Bandyopadhyay (2) .
On the basis of the existence of significant positive correlation between physical parameters and pulmonary function measurements, the regression equations for predicting PFTs from physical parameters in the population studied have been computed (Tables III  and IV ). The value of FEV 1% was in agreement with other previous findings in Indian and overseas populations and the normal range of FEV 1% indicated that the subjects had no obstructive pulmonary diseases. PEFR, that indicates one's pulmonary function status (4), depicted significant positive correlation with age, body height, and body mass. Along with this FEF 25-75% and FEF 75-85% also showed significant positive correlation with age and body height. PFTs depicted significant correlation with age, body height, and body mass. However, body mass was not considered in computing the regression equations because age and body height had a more consistent relationship and higher values of correlation coefficient (r) with pulmonary function variables. The standard errors of the estimate of the computed simple and multiple regression equations are small enough to recommend these equations for predicting pulmonary function measurements from age and body height in the studied population. The standard error of estimates (SEEs) of the regression norms are 50% less than those of earlier proposed norms by Chatterjee and Saha (8) and therefore the present regression norms would predict pulmonary function measurements more precisely and accurately in the studied population. These regression norms would be of practical use in epidemiological studies and clinical settings. Predicted values of the lung volumes using currently derived equations and earlier proposed equations of Chatterjee and Saha (8) have been plotted in Figs 1-4 . These figures depicted a wide range of variation when the values of PFTs were predicted using the earlier norms and these findings are in agreement about the conception that the earlier equations cannot be applied in the present context anymore. FEF 75-85% (l . min -1 )* PEFR (l . min -1 ) PEFR (l . min -1 )* Fig. 4 . Plotting of FEF 25-75% , FEF 75-85% , and PEFR in female university students of Kolkatacomparison with the values predicted from the standard norms prescribed in the present study and by Chatterjee and Saha (7)*
Conclusion
The study indicated that the PFTs of female university students of Kolkata were within the normal range. The expiratory flow rates did not vary with the values reported 20 years back, but the absolute values of the lung volumes were significantly reduced compared to the values reported in the earlier study. Rest of the parameters did not demonstrate any significant transformation between the two studies. The SEE of the presently computed norms was substantially smaller than those reported by Chatterjee and Saha (8); therefore, the currently derived equations are considered to be more appropriate and suitable for a precise and accurate prediction of PFTs in the population studied.
